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OIPEJEJIEHUE N3MEHEHHWSA 3HAYEHUSA CYMMAPHOM CIJIBI B IONTEPEYHOM
HAITPABJIEHHUH B 3ABUCUMOCTH OT ) KECTKOCTHU ITPOMEKYTOYHOI'O PEJIb-
COBOI'O CKPEIVIEHUA

AHHOTanus: B xo0de pabombi npo6oounucs paciemsi 0iisl OnpeoeieHus 6eIUYUHbL CYMMAPHBIX CUIL 8 NONEPEYHOM
HanpagieHuy 8 3a6UCUMOCIU OM 8EIUYUHBL 6EPMUKANLHOU U 20PU3OHMATILHOU HCECIKOCIU NPOMENCYMOUHBIX PEeNbCOo-
8bIX CKpenyieHull 8 npedenax Kpy2oeou Kpugoil. Pacuem u ananus npou3goouncs ¢ nNOMOubI0 npoepamMmHo20 KOMIIEKCAa
«Ynusepcanvnviii mexanuzmy. B vacmnocmu, ucnoavzosancs mooyns UM Simulation. B peszyrbmame xomnviomeprozo
MoOenuposanus Ovina onpeoenena 3a8UCUMOCHb USMEHeHUs. HONEPEUHbIX CUIL O JCeCmKOCmU ckpenaenul. bviio npu-
HAMO 3 pasnuuHbIX 3Havenus dcecmxocmu 0 ckpenaenus APC-4, uz komopuix 06a A61AMUCH SPAHUUHBIMU, T.€. MAKCU-
ManbHbIM U MUHUMATbHBIM. B X00e ananus pe3ynbmamog Oblio 6biAGNEHO, YMO 3HAYEHUE NONEPEeUHbIX CUl NPU NOGbIULe-
HUU JHCECMKOCMU PebCO8bIX CKPENAeHUl CHAYANA CHUMNCAEMCA, 4 NPU OOCMUNCEHUU ONPEOeNeHHOU HCeCMKOCMU 6HOBb
sozpacmaem. Onpedenero, 4mo UCHONb30BAHUS PENbCOGLIX CKPENNeHU MUHUMATLHOU U MAKCUMANLHOU JHCECMKOCMU
ABNAEMCA HEIPPEKMUBHBIM B0 U3DEICAHUE YBENUUEHUS USHOCA INEMEHINO8 KAK 6EPXHE20 CIMpPOeHUs nymu, maxk u no-
08uUdHCHO20 cocmasd. bvino nodobpano onmumanbHoe 3HaveHue HecmKoCmu, npu KOMopslx CYMMApHble CUbL 8 None-
peuHom HanpaeieHuu muHumanvhsl. Ono cocmasuio 8 sepmuxanviom nanpasnenuu 100 MIla, 6 2opuzoumansrom — 130
MIlla. Jlannvle bvinu npedcmagiensl 6 suoe epaguueckux sasucumocmeti. Pezyismam ananusa no3eonsem 6oiee movHo
U3Y4UUmMs 63AUMOOICIBUE CUCIEMbl «KONECO-PEeNbey NpU OBUIICEHUU 6A20HA 6 Npedenax Kpugo2o Y4dcmka nymu U
umeem NPUKIaoOHoe 3HaveHue npu NPOeKmMupOSaArUL U CO30aHUU PENbCOBLIX CKPENICHULL.

KiroueBbie cj10B: NPOMEICYNMOUHbLE PENbCOBblIE CKPENTIEHUA, CYMMAPHblE CUIbL 6 NONEPEYHOM HAnpaesieHuu, xa-
pakmep O0BUIICEHUSL NOOBUINICHO20 COCMABA

R.A. Yushin

Irkutsk State Transport University, Irkutsk, the Russian Federation

DETERMINATION OF THE CHANGE IN THE VALUE OF THE TOTAL FORCE IN THE
TRANSVERSE DIRECTION DEPENDING ON THE RIGIDITY OF THE INTERMEDIATE
RAIL FASTENING

Abstract: In the course of the work, calculations were carried out to determine the magnitude of the total forces
in the transverse direction, depending on the magnitude of the vertical and horizontal stiffness of the intermediate rail
fasteners within the circular curve. The calculation and analysis were performed using the Universal Mechanism software
package. In particular, the UM Simulation module was used. As a result of computer modeling, the dependence of the
change in transverse forces on the stiffness of the fasteners was determined. Three different stiffness values were adopted
for the bonding of APC-4, of which two were boundary values, i.e. maximum and minimum. During the analysis of the
results, it was revealed that the value of transverse forces decreases with increasing stiffness of rail fasteners, and in-
creases again when a certain stiffness is reached. It is determined that the use of rail fasteners of minimum and maximum
rigidity is ineffective in order to avoid increased wear on the elements of both the upper structure of the track and rolling
stock. The optimal stiffness value was selected, at which the total forces in the transverse direction are minimal. It was
100 Mpa in the vertical direction and 130 Mpa in the horizontal direction. The data was presented as graphical depend-
encies. The result of the analysis makes it possible to more accurately study the interaction of the wheel-rail system when
moving a wagon within a curved section of track and are of practical importance in the design and creation of rail
fasteners.Keywords: intermediate rail fasteners, total forces in the transverse direction, the nature of movement of the
rolling stock

Keywords: intermediate rail fasteners, total forces in the transverse direction, the nature of movement of the
rolling stock

BBenenune

Texyriee comepkaHue MyTH TOJKHO OCYIIECTBISATHCS TPH HarOoJIee pannoHaIbHOM COYETa-
HHUH ABYX OCHOBHBIX yCHOBHﬁ: 06€CHe‘-IeHI/IH 6e3OHaCHOCTI/I ABWIKCHUS TTOC3/10B C YCTAHOBJICHHBIMU
CKOPOCTSAMH H pecypcocOepeskenus [1].

Jlnst obecrieueHust 6€30MaCHOTO IBHYKEHHSI OCYIIECTBIISETCS IMarHOCTUKA, PEMOHT U H3YUCHUE
NPUYUH HEUCITPABHOCTH MyTH B LEJSX TOAEPKAHUS BBICOKOTO YPOBHS €r0 HaJICKHOCTH.



PenbcoBrlil myTh TpeAcTaBiIsieT cOO0H JBE HENPEPHIBHBIC PEIbCOBBIE HUTH, PACIIOI0KECHHBIC
Ha OINpE/IEJICHHOM PACCTOSHUM APYr OT JApyra. OTo o0ecreunBaeTcs 3a CYET KPEIUIEHUs PesIbCOB K
mmanaM. [IpoMexxyTodHbIe pelnbCcoBbIe CKpPEIUICHHUS NMPEAHAa3HAYCHbI ISl HA/JIEKHOTO COCTUHEHUS
PENBCOB C MOAPENILCOBBIM OCHOBaHUEM. Kax bl BUJ PENIbCOBBIX CKPEIUIEHUH, B TOW WJIM MHOH cTe-
NICHN YHHUKAJICH 110 CBOEH MPOYHOCTH | 3KcIuTyaraiuu [2-3]. HajexkHOCTh Keae3HO0POIKHOTO MyTH
BO MHOI'OM OIIPEJEIISAeTCs] HaIeKHOCThIO MOJIPEIbCOBOTO OCHOBAHUS, OT UCIIPAaBHON pabOThI KOTO-
poro 3aBUCHUT OecriepeOOHHOCTh U 0€30MaCHOCTh IBMYKEHHS 110e3710B [4-5].

Ienbro naHHOM paboTHI ABIAETCS ONpPEeICHIE B3aUMOCBSI3U MEXAY CYMMapHOW CHIIOH B 1O-
MEPYCHHOM HAalpaBJICHUH U )KECTKOCTHIO MPOMEXKYTOUYHBIX PEIbCOBBIX CKPEIUICHUH I ompesene-
HUS €€ ONITUMAJIbHBIX [1apaMeTPOB.

JXKecTKOCTh PenbCOBBIX CKPEIUIEHUI OTHOCHTCS K OJIHOMY M3 KIIIOUYEBBIX MapaMeTPOB JKEJe3-
HOJIOPOKHOI'O ITyTH, OTBEYAIOLIEMY 3a PacHpe/iesieHHe U Nepejady BepTUKAIbHBIX U OOKOBBIX CHII
MEXy peibcoM | Immanoi [6]. DddekruBHOCTL pabOTHI PEIHCOBOTO CKPEIUICHHUS HAIPSIMYIO BIHSIET
Ha YCTOMYMBOCTb U CPOK CIIy>KOBI BCero myTH. Mcrosb30BaHHE PEIbCOBBIX CKPEMJIEHUN BBICOKON
KECTKOCTH BEJIET K MOBBIIICHUIO KECTKOCTH KOHCTPYKIIMH M BO3PACTAHUIO KPUTHUECKOW CKOPOCTH
JBYDKEHUS, UTO BIIMSIET HAa XO/I0BYIO YCTOWYMBOCTbh BarOHOB. B Toke BpeMs Hu3Kast )KeCTKOCTb Pellb-
COBOTO y3J1a XOThb W CMSTYaeT yJapHOE BO3JCHCTBHE MPU MPOXOKICHUHA HEPOBHOCTEH, HO MOXKET
OKa3aTb BpPEJHOE BJIMSHHE Ha BO3JCHUCTBUE KoJleca HA pelibC U 0€30IacHOCTh JIBUKEHUS B KPUBBIX
[7].

B nanHOll cTaThe paccMaTpuBaeTCsi aHKEpPHOE pesibcoBoe ckperienue (nainee — APC-4). Jlan-
HOE CKperieHne ObII0 n300peTeH0 B MOCKOBCKOM MHCTHTYTE MH)KEHEPHOTo TpaHcmopTa. Ha cero-
JHSIIIHUHA JIeHb C €ro MOMOIIBIO YJI0KEeHO Ooiyiee 3 Thicsd KMJIOMETpoB IyTu Ha KyiObiieBckoM,
Oxta6pbckom, FOro-Boctounom u qpyrux HanpaBiaeHUIX.

Hcxoanble JaHHBbIE

Jli1a MmofienupoBaHusi ObLI BBIOpAH rpy30BOM BaroH, KOTOPBII JBUKETCS CO CKOPOCThIO 80 KM/4
B KPUBOM ydacTke IyTH paauycoB R=730 M. Bo3BblieHre HapyXHOTo penbca coctaniger 110 mm.
JlnivHa nepexoAHbIX KPUBBIX MPHU JIaHHBIX Mapamerpax coctasiseT 60 M kaxnas. Harpyska Ha och
U1 TIOJIBMDKHOTO COCTaBa MPUHUMAaNack 25 1/0Ch.

WNupopmanys mo UCXOAHBIM JAHHBIM M MOJENb IPY30BOTO BaroHa IpeIOCTaBlieHAa Ha pU-
cyHke 1.
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Puc.1. Moaeab rpy30Boro BaroHa ¢ UCXOJAHbIMH JaHHBIMU

Pacuer npoBoauiics B HECKOJIBKO 3TanoB. Ha kaxk1oM 3Tane NpuHUMaINCh pa3IudHbIe 3Haue-
HUS BEPTUKAIBHOM M TOPU3OHTAIBHOM >KECTKOCTH MPOMEXYTOYHOTO PEIbCOBOTO CKPEIJICHUS
APC-4. lns pacder ObUIM TIPUHAT 3HA4YCHUs BepTUKaIbHOM jkectkocTH 50 MIla, 100 Mlla n
150 MTITa u ropusonranbHoii xectkocTr 30 MIla, 130 MITa u 200 MIla [8-9].



Bun ckperuienust APC-4 npencraBieH Ha pUCyHKe 2.

Puc.2. IIpomeskyTouHOe pejibcoBoe ckpemienne APC-4

Pe3yJILTaT KOMIIBIOTEPHOTO MOACJITUPOBAHMUSA U aHAJIN3

KomMIproTepHO€ MOIENMpOBaHUE TPOBOJWIOCH C UCIIOJIB30BAHUEM YHCICHHOIO METOA pellle-
HUS UHTETpaJIbHbIX ypaBHeHUll — MeTon [1apka.

Pe3ynpTaThl pacueToB NpeCTaBIeHbI B BUJE rpaduyecKuX 3aBUCUMOCTEH.

Ha pucynke 3 nmokaszaHbl BETUYMHBI CYMMapHBIX CHJI B IONIEPEYHOM HAIpPaBIEHUU NPH Pa3HbIX
3HAYEHUSX JKECTKOCTH PEJIbCOBBIX CKPEIUICHHUH JUIsl HapyKHOH penbcoBoit HUTH. Ha rpaduke noxa-
3aHbI 3HAYEHUS CUJI B MOMEHT MPOXO0KIEHUS MOJBUKHOIO COCTaBa MO KPYroBOI KPUBOM.
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——Npw BEpTMKaNbLHOM ecTkocTh 50 MMa, ropusoHTansHoW xecTkocTr 30 MMa
——Mpw BepTHKanbHOM wecThocTk 150 MMMa, ropusoHTanbHOW ecTkocTv 200 MMNa

——pH BEPTUKANLHOM KeCTKOCTH 100 MIMa, ropM3oHTaNbHOM MecTKoCTH 130 MMa

Puc.3. I'paduk BeJJMYNHBI CYMMAPHBIX CHJI B IONEPEYHOM HANIPABJICHUH IIPU PAa3HBIX 3HAYEHHSAX KECTKOCTH
nyTH



BuszyanbHOo BUAHO, UTO 3HAYEHUE MOMEPEUHBIX CUJI MUHUMAJIBLHO MIPU BEPTUKAIBHON JKECTKO-
ctu 100 MIIa u ropuzonTansHoi xectkoctr 130 MIla. D10 cBuaeTenbcTBYeT 0 HeIDPEKTUBHOCTH
HCI0JIb30BAaHUs PEIBLCOBOTO y3i1a 00JIbIIE U MEHBIIEH KECTKOCTH.

[Tocre, nanHbIe ObLIH BRITPYKEHBI B iporpammy Mcs Excel u Obi1a poBeieHa onrcaTenbHas
CTaTUCTUKA JAaHHBIX. B pe3ynbrare pacueTroB cpeHEe 3HAUYEHHE CYMMApHBIX CHJI B IONEPEYHOM
HaMpaBJICHUHU MPU TPOXOKACHUN KPYrOBOM KPUBOM cocTaBWIO: mpu kecTkoctu S0 MlIla u 30 Mlla
— 26,98 xH; mpu xxectroctu 100 MITa u 130 MIla — 26,59 xH, npu sxectkoctu 150 MIla u 200 MIla
— 27,16 xH.

Ha ocHOBaHMM NPOBEICHHOTO UCCIICAOBAHUS PE3yIbTaThl ObLTH 000OIICHBI U MPEICTaBICHBI
Ha pUCYHKe 4.
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26,3
Mpu BEPTUKaNBHOM KeCcTKOCTH 50 MpK BEPTUKANBHOM XecTKocTM 100 Mpr BEPTUKANBHOWM XKECTKOCTH 150
MIa, ropn30HTaNIbHOW XECTKOCTH MTrTa, ropU30oHTAIbHOM XKECTKOCTU Mra, ropM30oHTaIbLHOM }KECTKOCTH
30 MnNa 130 MNa 200 MNMa

Puc.4. I'padux 3aBUCHMOCTH CYMMAPHBIX CHJI B IONIEPEYHOM HANPABJIEHMHU OT FOPU30HTAJIBHOM KeCTKOCTH
PeJIbCOBBIX CKpeNIeHMil VIS HAPYKHOH HUTH

W3 pe3ynbTaToB pacuera, NpeACTaBIEHHBIX HA UTOTOBOM TpauKe, MOXKHO ClieJaTh HEKOTOPbIE
BBIBOJIbI O BIIMSIHUH JKECTKOCTH PEIBbCOBBIX CKpEIIEHN. OUeBUIHO, YUTO U3MEHEHUE CYMMAapHBIX CHII
B IMONIEPEYHOM HANPABJICHUH HEIMHENHO. MUHUMaIbHOE BO3/ICMCTBHE HA MYTh MOJIYYEHO MPU cOYe-
TaHUH CIETYIOUINX apaMeTPOB KECTKOCTU PeabcoBOro ckperieHust APC-4:

— BepTUKaiIbHOM )xecTkoct 100 MlIIa;

— ropu3oHTaIbHOU xkecTkocTu 130 MITa.

B cBs3u ¢ 3TUM cuunTalo, 4TO LIEIbh JAaHHOTO HMCCIeI0BaHusl JOCTUTHYTa. OmpenenaeHbl ONnTh-
MaJIbHBIE ITapaMeTPhl )KECTKOCTH, TPU KOTOPBIX Harpy3Ka OT MOJBMKHOTO COCTaBa Oy/1eT MUHUMAb-
HOM.

3akJ/oueHue

B pesynbrare KOMIBIOTEPHOTO MOJAETMPOBAHUS Oblila ONpesesieHa 3aBUCHUMOCTh U3MEHEHUS
CYMMapHBIX CHJI B IOTIEPEYHOM HAIPABIEHUH OT KECTKOCTH MPOMEKYTOUHBIX PEIbCOBBIX CKpEILIe-

HUM. JIaHHBIA pacyeT W aHAJIU3 MPOW3BOJWIICSA B MpeNeNax KPYyroBOl KpUBOH. Y CTaHOBJIEHO, YTO
CyMMapHbI€ CUJIbI B TOMEPEYHOM HAMpPABICHUE U3MEHSIOTCS HEIMHEHMHO MPH PA3TMYHBIX 3HAUYCHUS



JKECTKOCTH. Mcnonp30BaHue PCILCOBOTO y3Jia BBICOKOM 1 HU3KOM JKECTKOCTHU MMPUBOJUT K YBCINYC-
HHIO U3HOCA U COKpalll€HUIO CPOKa CJ'Iy>K6BI OJIEMCHTOB BEPXHETO CTPOCHUA IIYTHU U 3JIEMCHTOB I10-
JABHXXHOI'O COCTaBa.
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